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Geochemistryofsandstone－mudstonesuitesoftheTipamSandstoneForma－  
tion，SurmaBasin，Bangladesh  
DhimanKumerROYl，Md・MostafizurRAHMANl，SyedSamsuddinAHMEDl，IsmailHOSSAlNl、2  
andSarminAKHTERl  
Abstract   
ThegeochemicalstudyoftheTipam Sandstone  
FormationintheSurmaBasin oftheBengalBasin  
revealsthetectonicsettlng，PrOVenanCeinrelationto  
COmPOSition，WeatheringhistorylnSOurCeareaandthe  
Climaticconditionduringdeposition．Thegeochemical  
CharacteristicsasshownbyCaOpNaっ0－K20，Fe201－  
MgO－TiOland CaO－Na，0－KっO plotsindicate  
WithhigherratiosofSiOl／Al203・Kっ0／Naっ0・This  
CharacteristicsandChemicalIndexofAlteration（CIA）  
highlysupportthatthesourcerocksweredominated  
byolduppercrustalgraniteandquartzmonzonite．  
Theyalsoincluderecycledsedimentaryrocksofthe  
Oldcontinentalfoundationofactivetectonic setting  
thatsu叫ectedintensiveweathering．Harkervariation  
diagramsshowpositivecorrelationofKっOandNaっ0，  
andnegativecorrelationofCaO，Fe203andMgOwith  
SiOっ．Thisphenomenonindicatesthattheconcentration  
OfKっO and NaっOincrease withincreasing SiOI  
WhereasCaO，Fe203andMgOdecreasewithincreaslng  
SiO，．This supports the deriva【ionofthe sediment  
fromfelsiclgneOuS rOCksi．e．from graniticrocks．  
SiO2COntentVerSuSK20／Na20aswellasSiO2／Al203  
VerSuS Kっ0／NaっO diagrams，Kっ0／NaっO ratio and  
（Fe20，＋MgO）－Naっ0－KっOtriangularplotindicatethat  
thesedimentsweredepositedinabasinalongpassive  
marglnteCtOnicsetting．   
Keywords：Geochemistry，TipamSandstoneForma－  
tion，Surmabasin，Provenance，Paleoclimate  
Introduction   
Thepresentworkhasbeenmadetofocusonthe  
nature ofthe source terrane，PrOVenanCe，teCtOnic  
Setting ofdepositionalbasin，Paleoclimate and  
WeatheringhistoryoftheTipamSandstoneFormation  
inthe Surma Basin，Bangladesh onthe basis of  
geochemicalinvestlgations ofsandstone－mudstone  
uites．Provenanceis criticalfordeciphering the  
tectonichistoryofancientbasinsandhasbeenapplied  
tobothterraneanalysISandbasinanalysis．Provenance  
is also animportant factorforfindingpetroleum  
reservoirssystemwithinsedimentarybasins．   
The studied areais bounded withinlatitudes from  
24083′to24O88′N andlongitudesfrom92007’to  
92011′E（Fig．1）andis situatedat about30km  
north astofSylhettown・TheareaincludesLalakhal  
Teagard n，Kamrangi，Nichinpur，Putikhaland  
DighralareasofJaintlaPuruPaZila，Whichareinthe  
northeasternpartofSylhetdistrict，Bangladesh・The  
rocks ftheTipamSandstoneFormationaremainly  
COmPOSedofs ndstoneswithintermittentlyalternation  
Ofsandstonesandshales．Onthebasisoflithology，  
theserockshavebeendividedintotheLowerTipam  
Sandstone，theMiddleTipam Sandstoneandthe  
UpperT pamSand to e．TheLowerTipamSandstone  
COnSi tsofyellowishbrowntodarkbrownsandstone  
andoccasi na11y ofreddishbrown conglomeratic  
Sandstone，S ltstone，mudstoneandclay．Mudstone  
andclay，minorlithology are composedofgray，  
OCCaSionallygrayishblack，maSSiveclayormudstone．  
TheMiddleTipamSandstoneconsistsofgreycolored  
parallel laminated silty shale with alternation of 
grayishwhiterlPPlelaminated siltstoneandfine－  
grainedsandstone．TheUpperTipamSandstoneis  
COmPOSedofmediumtoverynne－grainedsandstones  
with para11e11aminatedto rlPPlecross－1amirlated  
Siltstone，laminatedsiltyshale andunsu11iedshale．  
ThethicknessoftheLateMesozicandCenozoicstrata  
intheSurmaBasinrangesfromabout13to17krn  
（Evans，1964；Hiller and Elahi，1984）and muchof  
thesestrata（Formations）areincludedNeogeneage  
（Tablel）．   
The geochemistry of the sandstone and shale 
is apowerfultoolto provideinformation about  
theprovenance，teCtOnic setting，Paleoclimateand  
Weatheringhistory・Recentandancientdetritushave  
beenusedtoinferthembymanyworkers（Condie，  
1976；LeMaitre，1976；Potter，1978：Blattetal．，1980；  
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Fig・1GeologlCalmapofthestudyareashowlngtheexposedTertiaryrocksequence．  
Tablel・ThestratigraphicsuccessionoftheSylhetTrough（afterKhanetal．，1988）．  
Formation  
Dihing Group 
DupiTilaGroup  
Upper  
Lower  
Plio－Pleistocene  
Pliocene  Tipam Group Gi叫anClay  
TiparnSandstone   
Boka Bil 
Bhuban  
Pliocene  Surma Group 
Miocene  
Oligocene  Barail Group 
Eocene  Jaintia Group Kopili  
Sylhet Limestone 
Che汀a．  
Bhatia，1983；Hiscott，1984；BhatiaandCrook，1986；  
Roser and Korsch，1986，1988；Suttner and Dutta．  
1986；Nesbitt and Young，1984；McLennanetal．，  
1993）．RoserandKorsch（1986）usedthediagrams  
OfSiOっvs・Kっ0／NaっOandSiO7／A1203VS・Kっ0／Na70  
0fpublisheddatafromsandstone－mudstonesuitesto  
discriminatepassivemargin（PM），aCtivecontinental  
margin（ACM），OCeanicislandarc（ARC）settings．   
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GeologicSetting   
Tectonica11ythestudiedareaintheSylhetTrough，  
a sub－basin ofthe BengalBasinin northeastern  
Banglad sh，is acomplexprovinceoftheBengal  
Basin．TheBengalbasinliesontheeasternSideofthe  
I dians bconti entandoccupleSmOStOfBangladesh  
andwestBengalofIndiaaswellaspartoftheBay  
OfBengal（Alam，1989）．TheShillongPlateaubound   
Geochemistryofsandstoneqmudstonesuites  
Results  
l．Majorelementgeochemistryofsandstone   
Them叫Orelementcompositionsof15representative  
Sandstonesarnpleswereselectedforanalyses（Table  
2）．Con・elationbetweentheelementsisgiveninTable  
3．TheSiOっcontentvaries丘om40．1to75・8wt％with  
anaverageof67・9wt％・Itshowsnegativecorrelation  
WithFe203，TiOっ，CaO，MgO，MnOandZrOっcontents  
butsignificantwithCaO（r＝－0．93）andMnO（r＝  
－0・83），WhereaspositivecorrelationexistswithAl20，，  
NalOandKっOcontents・A1203Varies魚・Om9・Oto21・4  
Wt％，With anaverageof15．1wt％・Itshowshigh  
POSitivecorrelation onlywithKっ0（r＝0・854）and  
negativecoITelationsignificantlywithCaO（r＝－0・65）  
andMgO（r＝－0．67）．Thestudiedsandstonescontain  
SmallamountofNarO（0．1tol．0％），Withanaverage  
OfO．6wt％．ItshowsnegativecorrelationwithKっ0（r  
＝－0．57）．ThemaximumvalueofKrOis3．2wt％and  
theminimumisl．9wt％withtheaveragevalueof2．3  
Wt％・ItshowspositivecorrelationwithSiO”Alユ03  
andTiOっ・Thetotaliron，eXPreSSedinFe203，attains  
maximum value of11．8wt％and minimum of3．5  
Wt％withanaverageof5．4wt％．TheTiOICOntent  
rangesn・OmO．5toO．9wt％withaverageofO・6wt％・  
ItshowsnegativecorrelationwithMnO（r＝－0・85）・  
CaOcontentvaries什omO．3to36．4wt％withaverage  
COntentSOf5．Owt％」tshowspositivecorrelationwith  
MgO（r＝0，60）andMnO（r＝0．88）．TheMgOcontent  
Varies什omO．4to2．6wt％withanaverageofl．4wt％．  
ItshowsnegativecorrelationwithSiOlandA1203・  
MnOoccursin minoramounts，andshows maximum  
valueofl．Owt％andminimumvalueofO．1wt％with  
anaveragecontentofMnOisO．4wt％．   
2．Majorelementgeochemistryofshale   
Eightrepresentative shale samples wereselected  
forthem毎Orelementanalyses（Table4）．Correlation  
betweentheelementsisglVeninTable5．TheSiOっ  
COntentVarieshm27．8to63・9wt％withanaverage  
Of55・7wt％・1tshowspositivecorrelationwithAlコ03，  
NalO，KっOandZrOr・WellcorrelationsarewithAlコ03  
（r＝0．96），Naっ0（r＝0．86），KrO（r＝0．90）andTiO，（r  
＝0・89）・TheAl20，COntentVariesfrom7・4to20・6wt％  
Withanaverageof16．8wt％・ltshowshighpositive  
COrrelationwithKっ0（r＝0，98），NarO（r＝0．86）and  
TiOっ（r＝0．96）whereas negativecorrelationexists  
WithCaO（r＝－0．88）．LowNaりOcontent（0．2toO．6  
Wt％，WithanaverageofO・6wt％）occursinshale．1t  
ShowspositivecorrelationwithKっ0（r＝0．84）．KっO  
COntentVariesfroml．2to3．8wt％withanaverageof  
2．9wt％．ItshowshighpositivecorrelationwithTiOっ  
（r＝－0・96）・Thetotaliron、eXPreSSedinFe。0，，attains  
ユ3   
thisTroughonthenorth，Ontheeastand ou heastby  
theChittagongTripurafoldbeltoftheIndo－Burman  
rangesandonthewestbytheIndianShi dPla批）r ・  
whichisopentothesouthandsouthwesttothemain  
PartOftheBengal】∋asin（JohnsonandAlam，1991）・  
The SurmaBasinhadits orlglninthecollisionof  
IndiawithEurasiaandBurma，buildingtheextensive  
Himalayan andIndo－Burmanranges and thereby  
loadingthelithospheretoforrnflanked edimentary  
basins（UddinandLundberg，199 ）．JohnsonandAlam  
（1991）proposedthattheSylhetTroughhasu dergone  
acornPlexevolutionrecordingthetransitionfrom  
apassive，riftedcontinentalmarglntOaforeland  
basinonthemarglnSOftwomobilebelts．TheSylhet  
Troughformedaportionoftheforelandbasinofthe  
HimalayaorogenandtheIndo－BurmanRanges（active  
COntinentalmargin）．The Daukifault systemw th  
hugeverticaldisplacements representsthecontact  
betweentheSurrnaBasinandShillongPlateau（Hiller  
andElahi，1984；Johnsonand Alam，1991；Reimann，  
1993）．Johnson andAlam（1991）suggested hatthe  
TipamSandstoneFormation has beenformedina  
bedload－dominated（PrObablybraided）fluvialsyst rn・  
Thegarinsize，Shape，facies sequence，aSS Cia ion，  
Paleocurrentpatternandpaleoslopeindicatessingle  
SOurCeOfsedimentandthesedimentsdepositedina  
heavilyloaded，lowsinousandhighsloped（160－22O）  
braidedriversystem（Royetal．，2006）．   
Sampleandanalyticalmethods   
A numberofsandstoneand shale samples were  
COllectedh・OmtheTipamSandstoneFormationalong  
theHariRiversection，intheSurmaBasin，Bangladesh．  
Fresh15sandstoneand8shalesampleswererandomly  
Selectedfortheanalysisofm叫Orel mentcomposi ion  
（SiOっ，A120，，Kっ0，NarO，CaO，Fe20，，MgO，Pコ05，  
TiOlandMnOwt％）．Thesesampl swerecollected  
fromLowerTipam（LTS），MiddleTipam（MTS）and  
UpperTipamSandstone（UTS）Formation：tenSamPles  
OfLowerTipam，fivesamplesofMiddleTipamand  
eightsamplesofUpperTipam・Firstthesampleswere  
driedatllOO－1200C．Thendriedsampleswereheated  
fortwohoursat9500Cendothermicp aktemperatu ・  
Moistureloss was determinedin the SoilResearch  
DevelopmentInstitute（SRDI），R可Shahi，Bangladesh・  
Thenthecrushedsampleswereusedtodeterminethe  
mq）OrelementcompositionbyXRF・Analyseswere  
CamiedoutwithstandardcurvesbasedonInternational  
RockStandards（modelPhilips－2000） ntheGlass nd  
CeramicDivisionofBangladeshCouncilofScience  
andIndustrialResearch（BCSIR），Dhaka，Bangladesh・  
Roy，D．K．，Rahman，M．M．，Ahmed，S．S．，Hossain，Ⅰ．andAkhter，S．  
Table2・Chemicalcomposition（Wt％）ofsandstone，TipamSandstoneFormation・  
SAMPLE  NO  SiOコ  A1203  Naっ0  Kユ0  Feコ0ユ  TiO2  CaO  MgO  MnO  P205  BaO  ZrO3  Loss  Total   
LTS－1  69．781  21．444  0．115  2．736  3．721  0．647  0．333  0．386  0．085    0．132  0．018  0．60  99．998   
LTS－2  71．747  19．112  0．138  2．881  3．615  0．553  0．350  0．403  1．20  99．999  
LTS－3  73．833  15．426  0．819  2．276  3．860  0．496  1．096  0．646  0．077  0．154  0．111    1．20  99．999   
LTS－4  72．145  13．503  0．804  1．928  7．244  0．649  1．505  l．092  0．287  0．417    0．025  0．40  99．999   
LTS－5  63．695  16．999  0．387  2．536  11．753  0．677  0．688  0．610  0．242  0．226  0．159    0．20  98」72   
LTS－6  40．10l  9．030  0．508  1．905  5．657  0．61l  36．346  2．614  1．029  0，80  98．606   
LTS－7  75．770  12．081  0．925  2．015  3．829  0．475  1．762  2．114    0．202    0．022  0．20  99．4   
LTS－8  59．348  11．175  0．774  1．926  5．212  0．926  15．695  2．272  0．409  0．226    0．038  0．40  98．401   
LTS－9  73．318  14．158  0．758  2．004  5．940  0．568  1．305  1．210  0．198  1．20  100．704   
LTS－10  71．336  14．266  1．038  2．066  4．307  0．588  1．642  1．550    0．234    0．020  0．80  97．857   
MTS－1  71．738  15．209  0．914  2．243  4．90l  0．601  1．562  1．439  0．244  0．190  0．125  0．032  0．80  99．998   
UTS－1  74．581  13．247  1．003  2．254  3．529  0．605  1．335  1．204    0．205  0．206  0．020  0．60  9臥789   
UTS－2  67．355  18．409  0．681  3．188  5．453  0．835  0．817  2．124  0．089  0」10  0．134    0．80  100   
UTS－4  62．413  15．343  0．557  2．395  5．115  0．585  10．229  1．504  0．830  0．024 1． 0  100   
UTS－7  71．2（〕1  16．585  0．248  2．503  4．741  0．547  0．978  1．929  0．019  1．20  100．001   
Table3・Correlationmatrixofdiffbrentoxidesofsandstone，TipamSandstoneFormation．  
??????
???ー??????
A1203  Na20  K20  Fe203  TiO2  
．435  ．241   ．185   －．275   －．354   
1．000   －．599＊  ．854   －．026   －．016  
1．000   －．569＊  －．136   －．002  
1．000   －．032   ．164  
1．000   ．283  
CaO MgO MnO  
－．937＊＊ －．502  －．839＊＊   
－．650＊＊ －．667＊＊ －．665＊   
－．051  ．330   －．101   
－．415  －．341  －．438   
．0 8   －．106  ．008  
Pユ05  BaO  
．041   ．083   
－．421  －．438   
0．37  ．233   
－．622   一．193   
．318   ．110   
－．042   ．096   
．063   ．160   
－．233   ．055  
??
??
??
??
?
???
??????
????
??
????????????????????????????????????????????
????????。?
1．000  ．213   ．301  －． 85  
1．000   ．608＊  ，870＊  
1．000   ．605 MgO  
MnO   
Pユ05  
BaO  
ZrO2  
＊＊CorrelationissignificantattheO．01level（2－tailed）．  
＊ CorrelationissignificantattheO．05level（2－tailed）．  
1．000  ．565   ．530  
LOOO    5．35  
1．000   
the maximum value of8．1wt％and the minimum  
Valueofthe5・3wt％withanaverageof6．6wt％．The  
TiOっcontentranges魚■OmO・6tol．1wt％withaverage  
OfO・9wt％fortheshalesamples．Itshowsnegative  
COrrelationwithMgO（r＝－0．82）．CaOvariesfromO．8  
to44．7wt％，withanaverageof8．9wt％oftheshale  
SamPles．ItshowshighpositivecorrelationwithMnO  
（r＝0・99）andP205（r＝0・90）・TheMgOcontentvaries  
from2．5to16．3wt％withanaverageof5．3wt％．  
MnO showslow contents with maximumvalue of2，O  
Wt％andminimumO・1wt％withanaverageofO．6  
Wt％．  
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Discussion  
l．Provemance  
Ingeneral，geOChemicalapproaches areequally  
applicabletocoarseandfine－grainedsedimentary  
rocks・Th sisn tcompatible withpetrographical  
approaches hereprovenancestudiesfbrfine－grained  
as ellasverycoarse－grainedsedimentsisdifficult  
（McL n netal・，1993）・Thereisgrowingevidence  
that evenintimately associated sands and muds  
maybed rived from quite different sources with  
differents dimentaryhistoriesand sobothrequlre  
theirevaluation（e・g・，McLennanetal・，1990）．Major   
Geochemistryofsarldstone．mudstonesuites  
Table4．Chemicalcomposition（Wt％）ofshale，TipamSandstoneFormation．  
SAMPLE NO  SiO2  Alコ03  Na20  K20  Feコ03  TiO2  CaO  MgO  MnO  P005  BaO  ZrOユ  Loss  Total   
MTS－2  51．336  16．091  0．299  2．615  6．410  0．979  17．173  3．054  0．970  0．273  0．80   00   
MTS－3  61．863  20．609  0．505  3．788  6．572  1．042  0．917  2．489  0．072  0．189  0．133  0．022  1．80  100．001   
MTS－4  62．212  19，152  0．596  3．031  6．268  1．009  2．964  2．994  0．21  0．134  0、021  1．20  9．768   
MTS－5  63．919  19．076  0．505  3．371  5．761  1．051  1．006  2．505  0．151  0、02（う  ．60  98．631  
UTS－3  63．149  19．055  0．614  3．433  6．464  l．046  1．458  2．805  0．078  0．164  0．168  0．017  1．40  99．799   
UTS－5  61．585  19．716  0．570  3．433  8．097  1．030  0．831  3．115  0．088  0．129  0．139  0．021  1．00  99．754   
UTS－6  53．390  13．41（i  0．346  2．003  7．719  0．708  1．898  16．253  0．094  0．139  0／108  3．40  98．846   
UTS－8  27．804  7．400  0．230  1．229  5．338  0．589  44．740  臥913  1．984  0．326  1．00  99．553 
Table5・Correlationmatrixofdifftrentoxidesofshale，TipamSandstonesFormation．  
SiO2  Alコ01 NaユO K20  FeユOj  
l．000  ．958＊＊ ．857＊＊ ．908＊＊ ．407  
1．000   8．59＊＊ ．798＊＊ ．329  
1．000  ．846＊＊ ．267  
l．000  ．253  
1．000  
TiO： CaO MgO MnO Pヱ05  
．880＊＊ －．964＊＊ －．483  －．950＊＊ 一．798   
．959卵（－．871＊＊ －．676  －．836＊  －．659   
．794＊  －．77（i＊  －．576  －．794  －．667   
．954＊＊ －．806＊  －．730＊  －．777   －．626   
．152   －．568  ．263  －．766  －．682   
1．000   一．732＊  －．827＊  －．666   疇．492  
BaO ZrO2  
．82l ．303   
．642  ．085   
．849  －．830   
．685  ．026   
－．443  － 333   
．776  ．194  
??????。???。?
1，000  ，240  ．995＊＊ ．894＊＊ －．214  －．242  
1．000  ．128  →．001  －．742  －．488  
1．000  ．944＊＊ －．576  －．047  
1．000   ．134  －．119  
l．000  一．986＊  
1．000  
MgO  
MnO  
P205  
BaO  
ZrOコ  
＊＊CorrelationissignificantattheO．011evel（2－tailed）．  
＊ CorrelationissignificantattheO．05level（2－tailed）．  
element datacanprovideinformationonboththe  
PrOVenanCeCOmpOSitionandtheefftctsofsedimentary  
PrOCeSSeS，SuCh as weatherirlg and sedimentary  
SOrting（McLennan etal．，1993）・Itis recognized  
that sediment compositions have characteristics  
Ofcertain assemblages ofigneous／metamorphic／  
Sedimentary sourcerocksthathave specific styles  
Ofsedimentaryhistory（e．g．Dickinson，1985，1988）．  
Theprovenancetypesdo notpreciselycorrespond  
tothoserecognizedfrompetrographicalapproaches  
butinsteadprovide adifferentperspective ofthe  
Platetectonicassociation（McLennanetal・，1993）・  
So，bulkchemicalcompositionisoneofthemaJOr  
factorsincharacterlZlngtheprovenancetypeS・The  
analyzedsandstonesarecharacterizedbyhigherratios  
OfSiO2／Al203・Themaximumvalueisobtainedffom  
SampleLTS－7（6．3）andthelowestvaluefromsample  
LTS－1（3．3），Withanaverageof4・1・Shalesamples  
arealso characterizedbyhighervalueofSiOっand  
A1203COntentSareSuggeStiveofdecentfelsicphases  
f rtheprovenance．TheKっ0／NaっOalsoshowshigh  
ratios both for sandstone and shale．The maximum  
ValuesattainforthesandstonesampleLTS－1（27．8）  
andlowestvalueinLTS－10（2．0）．Theaveragevalue  
OfKっ0／NaっOis6．5forsandstoneand6．3forshale・  
ChemicalInd x ofAlteration（CIA）values are also  
Calcula edforbothsandstoneandshalesamples．CIA  
hasbeenestablishedasageneralguidetothedegree  
Ofweathering（NesbittandYoung，1984），although  
Chemicalch ng resultingfromotherprocessessuch  
asdiagenesisandmetamorphismhavenotbeenfully  
evaluated．UsingmolecularPrOPOrtionCIAisshown  
asfollows；CIA＝A120，／［A120，＋Kっ0＋Naっ0＋CaO］  
×1000r abbreviating，CIA＝A／［A＋K＋N＋C］×100・  
However3sandstonesamples（LTS－6，LTS－8，and  
UTS－4）and2shalesamples（MTS－2，UTS－8）show  
highvalueso CaO．InthecalculationofCIAfor  
Sandstoneandsha e，CaOiscalculatedasonlyresiding  
insilicatesminerals．ButthevaluesofCaOforthose5  
SamPle aremuchhigherconcentrationduetothepost  
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Fig．2 CaO－Naっ0－KコO plots forthe sandstones of  
theTiparnSandstoneFormation．Boundaries  
area托erLe Maitre（1976）．（D＝dacite，Gr＝  
granodiorite，G＝granite）．  
Fig．3（Fe三03＋MgO）－Naコ0－K20plots showir唱the  
relation ofn叫OrOXide forthe sandstones  
OftheTipamSandstoneFormation．Bound－  
ariesareafterBlatte［al．（1980）．（1＝ferro－  
magnesian－pOtaSSic sandstone∴2＝POtaSSic  
Sandstone，3＝SOdicsandstone）．  
depositionalchangeswithinthesediments．So，these5  
SamPlesaretobeavoided．TherefbretheCIAvaluefbr  
thesandstonerangesh．om71to87withanaverageof  
78，Whereas those fbrshalefrom74．4to80．3withan  
averageof78．UsuallytheCIAvaluesincreasedueto  
theincreaseinthedegreeofweathering，So，thevalue  
OfCIAforsandstoneandshaleismoderatetohigher．   
Therefore・highervalueofSiO2／Al203，Kっ0／NalO J＿  
and CIA of sandstone and shale reflec;s a dominance 
Ofuppercrustalgraniticsources（e．g．，Singogranite，  
UgandafromNagudietal．，2003）andarelatively  
SeVereWeathering（andrecycling）history（McLennan  
etalリ1993）・So，theprovenanceisregardedas old  
uppercontinentalcrust（OUC）．Theyincludeoldstable  
CratOnS and the old continentalfoundation ofactive  
tectonicsettlngSthatcontainsrecycledsedimentary  
andmetasedimentaryrocks．Thistypeofprovenance  
COmPOnentCOnStitutesoldigneous，metamOrPhicand  
Sedimentaryterranesthathavebeeninfluencedby  
intracrustalgeochemicalfractionation whichinclude  
PrOCeSS Ofbothintracrustalpartialmelting and or  
CryStalfractionation（McLennan etal．，1993）．The  
geochemistryofsedimentsderivedfromtheseterranes  
are normally characterized by relatively consistent 
COmPOSitions，reflecting abroad and wellmixed  
PrOVenanCe（Potter，1978）and the greaterlevelof  
recyclingexpectedforsuchenvironments（Veizerand  
Jansen，1979，1985）．   
Triangular plot ofCaO，Na，O and KlO ofthe  
SandstoneforfbcuslngSOurCerOCksmaybegranitein   
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nat re（afterLeMaitre，1976）（Fig．2），becausemost  
dataareconcentratedinthevicinltyOfthegranitefield．  
Butthreesamplesplacedonthetopofthediagram  
du tothehighamountofCaOinthesedimentcaused  
by post depositionalchanges withinthe sediments．  
AccordingtoBlattetal・（1980）（Fe20，＋MgO）－Naり0－  
KlOtriangularplotrevealsthatthesandstonesamples  
rela gelyrestrictedt theferromagnesian－POtaSSic  
Sandstone（F g・3）・I th variationdiagramFe20，－  
MgO－TiOっ（afterCondie，1967），thegeochemicaldata  
Ofsandstonesfallnearthefieldsofgraniteandquartz－  
monzonite（Fig・4）．Anotherapproaches（Condie，  
1967）forplottingthegeochemicaldataofsandstones  
Onthev r ationdiagram（CaO－NarO－Kっ0）indicates  
that most of the source rock may be granite and 
mo zonite（Fig．5）．Onlythreedatashowtheaffinity  
nearthe basaltandandesiticzone，due totheincrease  
OfCaCOIWithinthesedimentduetopostdepositional  
Changes．   
Harkervariation diagramsofsandstone samples  
（Fig・6）show that the positive correlation exists  
be weenSiO2WithKっ0，NarOandA1203Whereas  
n gativecorrelationexistsbetweenSiOっwithCaO，  
Fe203andMgO・SotheconcentrationofKっOand  
NaっOincreaseswithincreasing SiOっwhereas the  
COnCentrationofCaO，Fe203andMgOdecreases  
withincreaslngSiOrconcentration．Itseemsthatthe  
derivation ofthesedimentfromthe felsiclgneOuS  
neldsi・e∴汁omthegraniterock，becauseSiOICOntentS   
Geochemistryofsandstone－mudstonesuites  
CaO  
NalO  KコO  
Fig．5 CaO－Naコ0－KコOdiagram（anerCondie，1967）  
Showingthe pIots ofsandstones ofTipam  
SandstoneFormation．（1．basaltandandesite，  
2．quartzdiorite，3．granodiorite，4．graniteand  
monzonite）．  
MgO  TiOヱ  
Fig・4 Feユ0ユーMgO－TiO2diagram（afterCondie．1967）  
Showingthe plots ofsandstones ofTipam  
SandstoneFormation．（1．graniteandquartz－  
monzonite，2．quartzdioriteandgranodior te，  
3．basalt）．  
arerelativelyhigh（mostly60－76％）．   
From aboveobservations，thegeochemicalchara－  
CteristicsrevealthathighervaluesofSiOノAl20，，  
Kっ0／Na20andCIAofsandstoneandshaleindicate  
thedominanceofoldupperCruStalgranitic source，  
including recycled sedimentary rocks of the old 
COntinentalfoundationofactive tectonic settings．  
Triangularplotsof（CaO－Na，0－K，0），（Fe203＋MgO）－  
Na20－K，0，（Fe20，－MgO－TiOっ）and（CaO－Naっ0－K，0）  
highlyrecommendthatthesourcerocksaregraniteand  
quartz－mOnZOniteandthesamplesarelargelyrestricted  
totheftrromagnesian－POtaSSicsandstone．   
2．Tectonicsettingofdepositionalbasin   
ThetectonicsettlngOfthedepositionalbasinofthe  
TipamSandstoneFormationisfbrmulatedonthebasis  
OfmaJOrOXidesofsandstoneand shalebyplottlng  
different chemical variabies on different bivariate 
diagrams．Roserand Korsch（1986，1988）utilized  
mudstoneintheirwork，anddevelopeddiscrimination  
tocoverthe fullrangeofgrain size from sandto  
mud．Inthisstudy，geOChemicaldata（majoroxides）  
Ofboth sandstone and associated shale（mudstone）  
havebeenappliedtodiscriminatethetectonicsettlng  
Ofthedepositionalbasin・Sandstoneandmudstone  
of different tectonic setting are characterized by 
diffbrentchemicalcharacteristics（majoroxides）．The  
differentchemicalparameters are usedto evaluate  
thetectonic settlngOfthedepositionalbasin．Mqior  
elementgeochemistryglVeSCluestotheprovenance  
typesaswellasweatheringcondition，bothofwhich  
ar  controlledbythetectonic settlng Ofthebasin．  
lnfluenceofdiagenesisalsodependsonthetectonic  
SettingoFthearea（Siever，1979）．  
SiOっcontentversus Kっ0／Naっ0（Fig．7）aswellas  
SiO2／A120，VerSuSKっ0／NalO（Fig・8）ofsandstones  
andshales areusedtodiscriminatetectonic settlng  
（RoserandKorsch，1986）．Mostofthedatafallinto  
thepassivemargin（PM）field．Intheformerdiagram  
only three data fall within the active continental 
margin（ACM）boundary，being due tothe higher  
amountofCaCOl†thepostdepositionalchangeswithin  
thesediments．LTS～6sampleistobeavoideddueto  
itsveryhighcontentofCaCO3・Inthecaseoflater  
di gram（Fig．7），however，allthedataofsandstone  
ndshalefa11intothepassivemarginfield．According  
toRoserandKorsch（1986），PMsedimentsarelargely  
quartz－r chsedimentsderivedfromplateinteriors  
OrStable continen alareas and depositedinintra－  
C atOn cbasinoronpassivecontinentalmarglnS・The  
geochemic lcharacteristics ofbothsandstones and  
Shalespositivelysupportit．  
Many authors（Middleton，1960；Crook，1974；  
Maynardetal．，1982；Bhatia，1983）proposedthatif  
theratio fKっ0／NaっOisgreaterthanunity（Kっ0／Naっ0  
＞l）， P SSivemargintectonicmarginissupportedR）r  
thesediments．BecausethatthevalueofKrO／Na，Ois  
greaterthanunltyforsandstonesamplesinthisstudy・  
The sedimentcouldbedepositedinabasinalong  
passivemarglnteetOnicsettlng，Whichincludesrifted  
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Fig・6 Harkervariationdiagramofm叫OrelementsforSandstoneofTipamSarldstoneFormation．  
COntinentalmargln，intracratonic andriftbounded  
basins・Plots ofsome geochemicalparametersin  
differentbivariatediagrarnS Kっ0／NaっOvs．SiO，and  
SiO，／A120，VS・Kっ0／Naっ0（RoserandKorsch，1986）  
andKっ0／N‘aっOratiohighlysupportsthatthedeposition  
OfTipamSandstoneoccurredinabasinalongpassive  
COntinentalmarginsetting（Fig．7）．   
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3．Paleoclimateandweathering   
Theeffects ofvariabled gr esofweatheringln  
SOurCeareaSCanbeimportantininfluenclngalkaliand  
lkalineearthelement（AE）contentsofterrigenous  
Sedimen aryr cks（Nesbittetal．，1980；Schauand  
He derson，1983；Reimer1985；Granstaffetal．，1986）．  
ThedegreeofchemicalweatheringlSafunctionof   
Geochemistryofsandstone－mudstonesuites   
????????
??????????
????????????
??「?????
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1．5   
0．5  
40  50  60  70  吉0  90  100  
SlOヱ   
Fig．7 K，0／Na，0－SiO2relations ofsandstones－  
mudstonesoftheTipamSandstoneFormation．  
BoundriesareafterRoserandKorsch（1986）．  
（Abr・PM＝PaSSivemargin，ACM＝aCtive  
COntinentalmargin，ARC＝island－arC）．  
0．1  10  100  
K20ノNa20  
Fig．8 SiO2／Al203－K20／Na20relationsofsandstones－  
mudstonesoftheTipamSandstoneFomation．  
Boundariesarea魚erRoserandKorsch（1986）．  
（Abr．PM＝PaSSivemargin，ACM＝aCtive  
COntinentalmargin，ARC＝island－arC）．  
Climateanderosionrate，thelatterofwhichvarieswith  
therateoftectonicuplift・Thebulkchemicalchanges  
thattakeplaceduringweatheringhavealsobeenused  
toquantifythe weatheringhistoryofsedimentary  
rocks，Pnmarilytounderstandpastclimaticconditions  
（Nesbittetal．，1980；NesbittandYoung，1982，1984）．  
CIAvaluehavebeencalculatedfbrsandstoneandshale  
SamPles・TheCIAvalueforthesandstonerangesfrom  
71to87withanaVerageOf78，WhereastheCIAvalue  
forshaleranges from74．4to803withanaverage  
Of78．The CIA valuesincreases due to theincrease  
inthedegreeofweathering．Therefore，thevalueof  
CIAforsandstoneandshaleismoderatelytohighly  
SuggeStthatthesedimentswereintenseweatheredin  
thesourcearea・HighvaluesofSiO2／A1203andKっ0／  
Na200fsandstoneandshalealsoreflectrelatively  
SeVereWeathering（andrecycling）historyoftheTipam  
SandstoneFormation（McLennanetal．，1993）．Thisis  
alsosuggestedbyhighconcentrationofTiOl，Whichis  
generallyknownasimmobilespecies．Themaxirnum  
COnCentration ofTiOlattains forthe sampleLTS－8  
（0．9wt％）and the rninimum concentration for the  
SamPleLTS－7（0・5wt％）．Theaverageconcentration  
OfTiOっinthesandstoneisO．6wt％．Therefore，the  
highconcentrationofTiO，SuggeStSthatthesediment  
WereSu句ectedtointensiveweatheringinthesource  
area・TheconcentrationofFe203inthesandstone  
SamPleiscomparativelyhigh・Themaximumconcenト  
rationisll．8wt％and minimum concentrationis  
3・5wt％，With an average value of5．3wt％．This  
highconcentrationofironisindicativeofoxidation，  
hydrationandleachingprocessesinvoIvedduring  
WeatheringoftheTipamSandstoneFormation（Schau  
andHenderson，1983）・LowcontentsofNa20（1  
Wt％） fsandstoneandshalealsoindicateintensiveto  
mod rateweatheringofthesourcerock．Theratiosof  
SiOノ（Al203＋K，0＋Naっ0）（SuttnerandDutta，1986）  
expresstheclimaticconditionduringthedeposition  
Of h sedim ntsinthebasin・TheplotinSiO2VS・  
（Al，03＋Kっ0＋Naっ0）diag a forthe15sandstone  
SamPlesindicatesthatthesedimentsdepositedinthe  
basin undersemi－arid climatic condition（Fig．9）．  
Becausethemaximumdataclusterlnglnthesemi－  
arid climatic zoneinstead ofhumid climatic zone，  
alumina几aolinitedecompositionandpartialfeldspar  
decompositioninthesandstonemightoccurasaresult  
Ofdecompositionafterdeposition．Theconcentration  
Ofaluminaisrelativelyhighduetothedecomposition  
Offeldspar．ButitisverymuchinterestlngtOfitthis  
COnC ptwiththeupheavalofHimalayaandwithAsian  
monsoon．Because severalworkers have carried out  
alotofworksonsedimentologyandpetrographyof  
Ti arnSandstone（Johnson and Alam，1991；Roy  
etal．，2006；Roy，2003），andtheyconcludedthatfrom  
faciesanalysISa dmineralassociationthesediments  
Weredepositedund rhumidtosemi－humidclimatic  
COndition．   
Therefore，eXtenSive mechanicalweathering，  
abundantalumina，highconcentrationofTiO，and  
ironthatpreservedintheferricstate，allindicatethat  
the sedimentsinthe sourceareaweresubjectedby  
intensiveweathering．Thedepositionalconditionswere  
und rhum to sernihumidclimatic nature，because  
intensiveweatheringassociatedwithmechanicaland  
Chemi aldisintegrationthatarerelatedtothehigh  
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